Background-Indications for immediate cardiac catheterization in cardiac arrest survivors without ST elevation myocardial infarction (STEMI) are uncertain as electrocardiographic and clinical criteria may be challenging to interpret in this population. We sought to evaluate rates of early catheterization after in-hospital ventricular fibrillation (VF) arrest and the association with survival.
Introduction
Coronary artery disease is common in patients who experience out-of-hospital cardiac arrest (OHCA). Acute coronary artery occlusion has been identified as the etiology of arrest in up to 48% of post-arrest survivors. 1 In autopsy series, coronary artery thrombi or atherosclerotic plaque fissuring have been identified in up to 95% of patients with sudden cardiac death. 2, 3 Identifying post-arrest patients likely to have acute coronary artery occlusion can be challenging because electrocardiographic (ECG) findings and clinical data may be unreliable in this population. 1 Immediate coronary angiography is considered to be helpful for determining the presence and or extent of coronary pathology. In those with coronary occlusion complicated by cardiac arrest, percutaneous coronary intervention (PCI) is associated with improved survival. 1, [4] [5] [6] The mechanisms and pathophysiology leading to in-hospital cardiac (IHCA) arrest may be different from out-of-hospital events. For example, severe infection, respiratory compromise, and pulmonary embolism are often precipitating events for IHCA. 7 Survival after in-hospital arrest is generally higher than OHCA 8, 9 , in part because rapid assessment and treatment of these and other precipitating events can occur.
The number of IHCA survivors who could benefit from immediate cardiac catheterization and PCI is unknown. We sought to evaluate the number of in-hospital post-arrest patients who received cardiac catheterization. We also evaluated rates of survival to hospital discharge after IHCA and factors that could be associated with improved outcomes.
Methods
This study was an Institutional Review Board approved retrospective review of adult (age >18) in-hospital cardiac arrests that occurred between June 1, 2000 and June 31, 2005 at the University of Chicago hospital. An arrest was considered "in-hospital" using criteria defined by the in-hospital National Registry of Cardiopulmonary Resuscitation (NRCPR). 8 Our hospital does not have a specific medical response team that responds pre-arrest to decompensating patients.
Using the hospital computerized billing database we retrospectively identified all cases with an International Classification of Diseases, 9th revision (ICD-9) principal or secondary diagnosis of cardiac arrest (427.5) or ventricular fibrillation (427.41). We specifically reviewed cases with ventricular fibrillation (VF) as the initial arrest rhythm assuming that this group was more likely to have an arrest of cardiac etiology.
Demographic data, length of stay, procedures, admission source, and discharge to home or facility were obtained from billing records about each case. Using these data, several criteria were applied to identify survivors of in-hospital cardiac arrest. Patients with only outpatient charges were excluded. All patients with a length of stay of zero and discharged home were excluded. We reviewed discharge summaries from a random 5% sample of this group and none of these patients were noted to have experienced a cardiac arrest.
Because arrest date, initial rhythm, and suspected arrest etiology could not be obtained from billing data alone, we reviewed patient charts and discharge summaries when necessary to identify this information. We excluded OHCA, arrests with an initial rhythm other than VF, and arrests without return of spontaneous circulation (ROSC).
Billing data were used to identify in-hospital charges for left heart cardiac catheterization. Because service charges were recorded by day and not time, we reviewed all records with a charge for cardiac catheterization on the day of arrest (day 0) or day after arrest (day 1). Catheterization procedures occurring on day 0 and noted in the procedure report to be prearrest were excluded. Cardiac catheterization reports were reviewed to determine such factors as proximity of arrest to procedure, indications for the procedure, and angiographic findings. Clinically insignificant coronary artery disease was considered stenosis less than 50% and clinically significant stenosis was considered stenosis greater than 50%. If documentation of PCI was present, successful PCI was considered residual stenosis < 50% and Thrombolysis in Myocardial Infarction (TIMI) 3 flow.
ECG's on the day of arrest were also reviewed. STEMI or left bundle branch block (LBBB) was identified by ECG report and/or documentation in the "indication for procedure" on the cardiac catheterization report. In patients with LBBB additional ECG's and chart review occurred to determine if the LBBB was new or old.
In addition to cardiac catheterization, we also evaluated use of post-arrest therapeutic hypothermia as this procedure is associated with improved neurologic outcomes and survival. 10, 11 Charges for post-arrest hypothermia were not included in the billing database, so we used discharge summaries and charts to evaluate for implementation of cooling.
Data were managed using a spreadsheet application (Microsoft Excel, Redmond, WA) and analyzed in a statistical software application (Stata Version 9.0, College Station, TX). Descriptive statistics (mean, SD) are primarily presented. Factors thought to be related to survival were analyzed using chi-square and logistic regression. Alpha <.05 was considered significant.
Results
There were 110 patients who survived in-hospital cardiac arrest with an initial rhythm of VF ( Figure 1 ). Cardiac catheterization was performed in 27% (30/110) of these patients on the day of arrest. When comparing demographic data for patients who received cardiac catheterization with those who did not receive the procedure, age and gender were similar across groups but patients receiving catheterization were more likely to be African-American and have a history of cardiovascular disease ( Table 1) . Rates of post-arrest hypothermia were low in both groups (n=5), with 2 patients in the catheterization group receiving hypothermia and 3 patients in the non-catheterization group receiving hypothermia.
In patients who received cardiac catheterization, the indication for the procedure was STEMI or new LBBB in 43% (13/30). Of note only one patient had a new LBBB. All of these patients had clinically significant coronary artery disease (13/13) and 92% (12/13) had successful PCI.
Several patients received cardiac catheterization for indications other than STEMI or new LBBB 57% (17/30). Of this group, PCI was attempted in 35% (6/17) of patients and successful in 29% (5/17). Two patients (12%) also received coronary artery bypass graft (CABG) surgery (Table 2) .
Patients who received cardiac catheterization were more likely to survive than those who did not receive cardiac catheterization (80% vs. 54%, p<.05). Survivors were more likely to be discharged to home instead of to an inpatient facility (Table 3) . Those successfully receiving PCI were also more likely to survive (76% vs. 58%, p<.05) when compared with those who did not receive the procedure.
Controlling for age, gender, race, and hypothermia using logistic regression, the relationship between cardiac catheterization and survival persisted with patients undergoing cardiac catheterization having an almost 4-fold increased odds of survival (OR 3.8, 95% CI 1.35-10.90, p<.05). We next considered patients with STEMI or new LBBB and patients without STEMI or new LBBB who received cardiac catheterization separately. Among patients with STEMI or new LBBB all received cardiac catheterization, thus an OR could not be calculated. 85% (11/13) of this group survived to hospital discharge. Among patients without STEMI or new LBBB, 76% (13/17) survived to hospital discharge, but this was not significant, OR 3.01, (95% CI 0.84-10.8, p=.091)
Of the patients who did not receive a cardiac catheterization within 1 day (n=80), one patient was offered the procedure but the family refused. The etiology of arrest could not be determined from discharge summary or chart review in 59% (47/80) of this group.
Discussion
We used a hospital billing database to identify survivors of in-hospital VF arrest who received cardiac catheterization. Limited data exist to help clinicians determine which post-arrest patients warrant early cardiac catheterization. Previous reports have demonstrated that emergent angiography and PCI are beneficial in patients with STEMI complicated by cardiac arrest. Survival rates of 54-70% have been reported in this patient group. 4, 6, 12, 13 In addition, Gorjup et al. reported that a subset of OHCA patients with STEMI and subsequent PCI who survived to hospital discharge had a long term prognosis similar to non-arrest STEMI patients with early PCI. 14 Further research is needed regarding outcomes in this patient population however, because less than 5% of patients with STEMI who receive cardiac catheterization are post-arrest and these patients are often excluded from large clinical trials.
We suspect that cardiac catheterization may be underutilized because ECG and clinical data are not always reliable predictors for determining which patients will have clinically significant coronary disease. 1 Cardiac enzymes may also not be helpful for risk stratifying post-arrest patients as enzyme release may have occurred secondary to defibrillation or global ischemia reperfusion injury. [15] [16] [17] [18] Spaulding et al. performed angiography on a consecutive series of patients with return of spontaneous circulation after OHCA. 1 Patients were excluded if they were <30 or >75 years of age or had an obvious non-cardiac cause of arrest. In this subset, they reported that almost half, 48% (40/84) had acute occlusion and 70% (28/40) of this group successfully received PCI. ECG and clinical findings were also poor predictors of disease as 26% (9/35) presented without chest pain or ST-segment elevation on ECG and had evidence of a recent coronary artery occlusion on angiography.
We suspect that some of the patients with an unknown etiology of arrest who did not receive emergent cardiac catheterization (59%) may also have benefited from angiography. In an effort to determine if patients without STEMI were just receiving the procedure on day 2 or 3 postarrest, we also evaluated billing data 72 hours post-arrest. An additional 2 patients received catheterization on day 2 (one with PCI) and 3 patients on day 3. These findings further support the notion that early post-arrest cardiac catheterization is probably underutilized. Further research is needed to determine if there are post-arrest markers other than STEMI or new LBBB that can be useful in determining which patients are likely to benefit from immediate versus delayed angiographic evaluation.
At present, with the exception of therapeutic hypothermia, few uniform guidelines exist for post-resuscitation care. The American College of Cardiology guidelines for management of non-STEMI also do not specifically address indications for immediate cardiac catheterization in post cardiac arrest patients without ECG findings to suggest acute myocardial infarction. 19 Several studies have demonstrated that it is feasible to treat post-arrest survivors with both therapeutic hypothermia and PCI and yield favorable outcomes. 20, 21 A report by Sunde et al. also suggests that more patients may benefit from post-arrest angiographic evaluation than currently receive the therapy. 20 They reported that prior to implementing a post-resuscitation protocol only 3% of OHCA survivors received reperfusion therapy (PCI or thrombolytics). After the protocol was adopted, 53% received emergent reperfusion and overall survival improved. Therapeutic hypothermia was probably an important factor in the improvement in survival. Only a few patients in our study (n=5) received post-arrest hypothermia but this does not reflect overall cooling at our institution as patients were cooled during our study time period after OHCA and other rhythms such as asystole and pulseless electrical activity. A cooling protocol also was not implemented at our institution until 2004. Additional studies will need to be conducted to determine if there are early indicators which predict which patients are most likely to benefit from early intervention. Determining optimal implementation and monitoring strategies will be essential for assessing the potential benefit of this therapy in survivors of both in and out-of-hospital cardiac arrest.
There are several limitations in our study common to billing data and chart review. Prospectively discussing each case with the treating physician and detailed chart review may have provided further information about practice variability and helped determine why some patients received cardiac catheterization and others did not. This may have also yielded additional information about neurologic functioning (pre and post catheterization) and arrest etiology which we were unable to determine in many of the cases in our study. Previous literature suggests multi-system organ failure is a common etiology of IHCA and patients in our study who did not receive cardiac catheterization may have had worse outcomes because of significant organ failure. 22 Generalizability of our findings is also restricted because the overall number of patients that received cardiac catheterization in our study sample was small. In addition, the association between improved survival and prompt catheterization may reflect selection bias by the treating physician, which limits our ability to draw inference or causality. In addition, we do not know if patients who received PCI needed the procedure emergently or if similar outcomes would have resulted with a diagnostic cardiac catheterization at another time point. Future studies are needed to determine which post-arrest patients without STEMI or new LBBB are likely to have acute occlusion which requires immediate intervention.
Conclusion
We demonstrated that in-hospital VF arrest patients infrequently receive early cardiac catheterization. Furthermore, several patients without STEMI or new LBBB received cardiac catheterization and were found to have significant coronary artery disease warranting PCI. Additional research is needed to identify patients most likely to benefit from emergent catheterization after in-hospital arrest. 
